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Ha Texkymui MOMEHT GOIBITHHCTBO OTKPBITBIX
HEMTAHBIX U I'A30BbIX MECTOPOXK/ICHUIN KaK
PVII J10 «benopycHedTh», TAK U MHOTUX
HedTEra30j06bIBAOINX KOMIIAaHUN Poccuiickoit
depepanuu U JPpyrux CTPaH, O6ECIEYNBAIONINX
OCHOBHYIO JOOBIYY YITIEBOJOPOJHOIO ChIPbS,
BCTYIIHJIN B HOCJIEJHIOIO CTAJUIO PA3PAOOTKHU.
1 3TOM CTaANU XaPAKTEPHA BbICOKAs CTEIIEHD
OOBOAHEHHOCTHU JOOBIBAEMOU TPOAYKIIUH, HU3KAS
PEHTAOEIBHOCTD PA60THI JOOBIBAIOMICTO (POH/A
CKBaKMH U BCEX CUCTEMBI COOPA U TOATOTOBKH
HedTU. CTENEHb BEIPAOOTKHU 3aIT1ACOB JOCTUTAET
70-90% n 60nee. B TO ke BpeMs, HECMOTPs Ha
3HAYUTEJIBHYIO BEIPAOOTKY, €IIIE JOCTATOYHO
OOombIINE OOBEMBI U3BJIEKAEMBIX 34I1TACOB
YIVIEBOAOPOAOB HAXOAATCSA B PA3PAOATHIBAEMBIX
3ayIeKax. 11 aKTUBU3ALIUH BBIPDAOOTKH 3TUX
34114COB HE(PTEra30J00bIBAIOIINE KOMITAHUN
BHE/IPAIOT PA3JIMYHBIE JOPOTOCTOAIIHUE TEXHOIOTUH.
ITpu 3TOM B psiJI€ CIYYAEB B YCJIIOBUAX IIJIACTOB BECBMA
HEOJHOPOJHBIX ITO (PHIIBTPAIIUOHHO-EMKOCTHBIM
CBOMCTBAM K4K I10 ILIOMA/IH, TAK U I10 PA3PESY, I
MOJIYYE€HUS TTOJIOKUTEJIBHOI'O PE3YIIBTATA B BUZIE
YBEJIMUCHUS JIcOMTA CKBAXKUH 10 HEPTU TPEOyeTCsT
aJIpECHOE BO3/IEHCTBUE HA KOHKPETHBIE 30HBI MJIN
¢1a60 BBIPA6OTAHHBIE HHTEPBAJIBI 3aJIEKENA. C
3TOMU LEJIBIO HAMU PA3PA60TAHBI OOOPYIOBAHUE U
TEXHOJIOTI' M, MO3BOJISAIONIUE CO3ABATh B IIPEAETIAX
HU3KOIPOHUIIAEMBIX, CJ1A00 BBIPAOOTAHHBIX
U CJ1260 IPEHNUPYEMBIX PA3HOCTEN TOPOJI-
KOJIJIEKTOPOB HA PA3HBIX YPOBHAX CUCTEMY (CETD)
IJIYOOKOIIPOHHUKAIOMMUX KAHAJIOB (DYJIBTPALINHN.
DAKTUYECKHU IPOUCXOAUT (POPMUPOBAHUE CUCTEMBI
c60pa IIIACTOBOTO (PJIIOU/A B HUZKOIIPOHHUIIAEMBIX
Pa3HOCTAX ITOPOA-KOJUIEKTOPOB. PagnanbsHo
BBITNIOJTHEHHBIE, 10 OTHOLEHWIO K CTBOJIY CKBA’KHUHBI
IJIYOOKOIIPOHHUKAIOMUE KAHAJIBI (PUIBTPALIN
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At present time most of the explored oil and gas
fields in RUP PO Belorusneft’s and other Russian oil
and gas producing companies are at the closing stage
of development. This stage is characterized by high
watercut of the produced fluid and low profitability of
operation of production wells and facilities for oil and
gas gathering and processing. Even though reserves
depletion factor reaches a significant value (up to
70-90% and more), deposits under development still
contain large volumes of hydrocarbon recoverable
reserves. In order to recover these reserves companies
introduce a lot of high-cost technologies. In some
cases, when layers exhibit heterogeneous behavior
(non-uniform distribution of the reservoir properties)
in order to enhance well productivity it is necessary
to perform treatment of specific zones and intervals
with low drainage volume. For this purpose we
developed equipment and technology that enables
creation of deeply-penetrating filtration channels
system in low-permeable and poorly drained reservoir
rocks at different levels. In fact, this technology
provides reservoir fluid withdrawal system in low-
permeable rocks.Radial-type deeply-penetrating
channels enable multifold increase in fluid
filtration area.

This technology is an alternative to hydraulic
fracturing and short-radius sidetracking technologies.
It is designed for:

* Enhancement of connectivity between the well and
low-permeable zones and producing interlayers.

» Extension of well drainage radius

* Providing communication between borehole and
poorly depleted remote formation zones.

The first and only company that owns the rights for
this technology is Radial Drilling Services (RDS, USA).
The results of application of radial drilling technology
over the world (including Russia) showed two-fold



HO3BOJISAIOT MHOTOKPATHO YBEJUYUTD IIJIOMA/Ib
(PUNBTPALTUY IVTACTOBBIX (PIIOUIOB K CTBOJTY
CKBA>KHHBI.

TeXHOOTUS SIBISICTCS AJITEPHATUBOU

TexHonoruu I'PI1 u 6ypenus 60KOBBIX CTBOJIOB

CO CBEPXKOPOTKUMU PAJTUYCAMU 3APE3KU U

HAIIPABJICHA HA:

* YJIY4IIEHUE TUAPOAUHAMHUYECKON CBS3U CKBAKUHBI
C HU3KOIIPOHUITAEMBIMU 30HAMHU U MIPONJIACTKAMH
IPOAYKTHUBHOI'O IJIACTA,;

* YBEJIMYCHUE NIPUBEJICHHOTO PA/INYCA CKBAKHUHBI;

* [IOJIyYE€HUE CBI3U CTBOJIA CKBAKHUHBI C
YAAJIECHHBIMUY, C1A00 BBIPAOOTAHHBIMU 30HAMU
racTa.

[TnonepoM U eAUHCTBEHHON KOMITAHUEN, HA

CETOJHALIHUI IEHD BIAJCIOMENA ITPABAMU HA

increase in well rate, 75% of all operations were
performed successfully.

In 2008 RUP PO Belorusneft signed a contract with
RDS company for performing operations in 5 wells
at the oilfields in the Republic of Belarus. Performed
operations showed ambiguous results. On the one
hand, these operations proved technical feasibility of
long filtration channel creation. On the other hand, no
improvement of well operation and no increase in well
rate were registered.

We suppose that the main reason for low efficiency
of these operations was the following limitations of
RDS company technology: maximum depth (up to
2000 m) and steel grade (N-80, Russian «D»). At the
oilfields of RUP PO Belorusneft oil and gas bearing
formations depth is more than 2000 m, wells are

HOAOOHYIO equipped with casing strings with
TEXHOJIOT'HIO, TexHonorua ABNAeTCs ansTepHaTNBOM steel grade «R» and higher. That's why
ABNIAETCA TexHonorum PN 1 OypeHus BOKOBbIX CTBOMIOB it was quite hard task to select 5 wells
kommanus Radial — CO CBEPXKOPOTKUMU pagmnycaMu 3ape3Ku. even though these wells were not best
Drilling Services . . . . suitable for obtaining good results.
(RDS, ém ). This teghnology isan alte_rnafclve to hydraullc During test-run of%{%s company
PesynbraThl fractu rnng _and short-radius s'detraCk'ng technology the following disadvantages
NpUMEHEHUs technologies. were identified:

TEXHOJIOTUNA » Downbhole drilling motor capacity is

PagranbHOIO BCKPBITHA IUIACTA B MUPE (B TOM
4uciie U Ha TeppuTopuu PD) nokaswisaau cpegHee
YBEJIHMYEHHE NEOUTA CKBAKUH B 2 Pa3a IIPU
YCIIENTHOCTU PAOOT OKOJIO 75%.

B 2008 rogy PYII dIpon3BOACTBEHHOE
06’ beIMHEHUE «beopyCHEPTh» 3AKITIOUNIIO
JIOrOBOP € KoMITaHuel RDS Ha BeINIOIHEHNE PA6OT
H4 5 CKBA’KMHAX HA MECTOPOXK/ICHUAX PecriyOnmnku
benapyce. Pe3yibTaTsl IPOBEJEHHBIX pA60T
MOJIYYHJIMCh HEOJHO3HAYHBIMU. C OJJHOI CTOPOHHI,
NPOBENEHHBIE PAOOTHI TOATBEPANIIN BO3MOXKHOCTD
MOJIYYEHUS B KOJUIEKTOPE NPOTAKEHHOI'O KaHAJIA
dunsrpanun. [Ipu 3TOM yJIy4dIIEHNUA B JUHAMHKE
PabOTHI CKBAXKUH U IIPUPOCTA JeOUTA JOOBIBAEMOI
IIPOAYKIIUHU 3A(PUKCUPOBAHO HE OBLIO.

OCHOBHOM IPHUYMHOMN HU3KOH 3(PPEKTUBHOCTHU
PadoT, Ha HAlll B3IJIs1]], ObJIM OI'DAHUYEHUS 10
MAaKCHUMAJIbHOM IMTyOMHE CKBAXKMH (10 2000 M) 1
I'PYIIIIE IIPOYHOCTH MATEPHAIA SKCIUIYATAIITMOHHOM
KOJIOHHBI (TpyIIIa IPOYHOCTHU [1), IPpH KOTOPBIX
BO3MOKHO IIPOBEJEHNE PAGOT IO TEXHOJIOI MU
koMnaHuu RDS. Ha mecropoxaeHusax PYIT J10
«benopyCHE(PTH» IPOJAYKTUBHBIC ILIACTHI 3AJI€TAI0T
Ha 171y6rHax 6osee 2000 M, 4 CKBA’KMHBI OCHAIIEHbI
3KCIUIYaTAIIMOHHBIMU KOJIOHHAMU U3 METAJIIA
Pyl 1pOYHOCTH P 1 Beimie. [ToaTomMy fuia
OIPOO6OBAHUA TEXHOJIOI'MHU C GOJIBIIINM TPYJIOM
NOAO0OPAIN 5 CKBAKHH, IPUYEM HE JIYYIIUX C TOYKH
3pEeHU ITOy4eHN A 3PPEKTA.

B niporiecce onpoOOBaHUSA TEXHOIOTMH KOMITAHUU
RDS HaMu 6blIN BBISBJICHBI CIELYIOIIUE €€
HELOCTATKU:

* MOLIHOCTB IIpUMeHsieMOoro B3]l orpanuyena

MPOITYCKHOM CIIOCOOHOCTBIO THOKOH TPYOBI;

* OTCYTCTBYET KECTKAs (PUKCAITUS TOJIOKEHU S

MHCTPYMEHTA IIPU CBEPJICHUH OTBEPCTHUS B

3KCIUTYaTALMOHHOM KOJIOHHE; 2

limited by the maximum pumping flow rate of coiled
tubing

* Inability to provide stable positioning of the tool
when making holes in casing string.

¢ The process of making holes in casing is not
controlled at the surface.

¢ Two and more CT tripping operations needed for
creating one filtration channel.

* Inability to control different stages of operation and
orienting channel direction.

* Created filtration channel is not cleaned from
process fluid and washing products.

According to experimental results, it is not possible
to perform jetting under the conditions of the oil

and gas fields in Belarus. Fundamental changes in

technology and equipment are required.

New equipment assembly was developed for
successful implementation of this technology.

This equipment enables creation of long filtration

channels in wells with the following parameters:

casing string steel grade: R110 and higher, casing
diameter: 139,7 mm, depth: up to 4000 m. Moreover,
during development process, strong requirement for
equipment and technology was technical feasibility to
manage the process of making holes in casing and to
confirm creation of these holes at the surface.

Procedure of equipment assembly operation for
creation of deeply-penetrating filtration channels is
described below:

- Milling assembly is lowered into the well on tubing
to required depth and is fixed with two-sides
mechanical anchor.

- Logging for determination of azimuthal angle of
milling bit.

- Milling bit is oriented to required azimuthal angle to
initiate the first hole.

- Milling of the first casing hole with recording of P
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* MPOLIECC CBEPJIEHNA OTBEPCTHUA B OOCATHON
KOJIOHHE HE KOHTPOJIMPYETCS HA YCThE CKBA’KHHBI,

* HEOOXOAUMBI IBE U OOJIEE CITYCKO-TIO/bEMHBIE
ONEPALMU TUOKOH TPYOBI IS TOJIYYEHUS OJTHOT'O
(PUIBTPALTUOHHOIO KAHAIA,

* OTCYTCTBYIOT CPEACTBA KOHTPOJIA 34 ITANIAMU
BBITIOJIHEHUS PAOOT M OPUEHTALIUEN HATIPABICHU A
KAaHaJIa B IPOCTPAHCTBE;

* HE NPOUBOAUTCSA OYHUCTKA CO3JAHHOIO KAHAIA
(PUIBTPALIUH OT 3ANOJIHAIONIEN €ro pabodeit
JKHUJIKOCTH Y IPOJYKTOB PA3MBIBA.

AHAJIN3 OJIYYEHHBIX PE3YIBTATOB ITIOKA34JI, YTO
peanusanusa ripOMOHUTOPHOI'O PA3MbIBA IIOPO/IB
B YCIIOBUSIX MECTOPOX/AEHU PB HEBO3MOXKHA 6€3
KOPEHHOI'O U3MEHEHU A TEXHOJIOTUU U O60PYJOBAHU A
7151 €€ ObeCTIeYECHUSI.

1 yCIIEMHOU pean3auy TEXHOJIOI NN
TUAPOMOHHUTOPHOTI'O PA3MBIBA OBLI Pa3paboTaH
KOMILIEKC OO0PYIOBAHHU S, KOTOPBII O3BOJIAET
CO3/1aBATh IPOTAKEHHBIE KAHAJIBI (PUIBTPALIH B
CKBA’KMHAX C 3KCILIyaTALMOHHON KOJIOHHOU U3
CTaJIX I'PYHIIBI IPOYHOCTH P110 1 BbILIIE C AUUAMETPOM
KOJIOHH 139,7 MM, Ha r1y6rHax 10 4000 M. Kpome
TOT'O, IPU PA3PA0OTKE OOOPYAOBAHUS OOSA3ATEIbHBIM
TPeOGOBAHUEM K HEMY M TEXHOJIOTUU SABJIANIACH
BO3MOKHOCTD YIIPABJIEHH IIPOLIECCOM CBEPIEHN
IKCILTYaTAIMOHHOM KOJIOHHBI U ITOJIYYEHUE
HHCTPYMEHTAIBHOI'O IOATBEPKICHUA HA YCThE
(hpaKTa IOJIYYEHHUSI OTBEPCTUI B SKCILJIYATALIMOHHOMN
KOJIOHHE.

Cxema paboTel KOMIIIEKCA OOOPYAOBAHUS JJ151
CO3JAHUS CETU INTYOOKOIIPOHUKAIONUX KAHAJIOB
PUIBTPALH CIEYIOMAS:

— B CKBAXKUHY Ha KOJIOHHE CBUHYMBAEMBIX TPYO
Ha 33JJAaHHYIO INIYOUHY CITYCKA€TCSA CBEPIIAIIAA
KOMIIOHOBKA M (PUKCUPYETCA C ITIOMOIIIBIO
JBYXCTOPOHHEI'O MEXAHUYECKOI'O AKOPS;

— BBIIIOJIHSIOTCS 'eOPU3NUECKUE PAOOTHI 11O
OIIPEJEJIEHUIO A3UMYTAJIBHOT'O MOJIOKEHUA CBEPIIA;

— IIPOMU3BOJIUTCA YCTAHOBKA CBEPJIA B 33/IAHHOE
4A3UMYTAJIBHOE HATIPABJIEHUE /I CBEPIECHUA
IIEPBOr'O OTBEPCTUS,

— BBIIIOJIHAETCSA CBEPJIEHUE TIEPBOI'O OTBEPCTUA B
IKCIUIYATAITMOHHOM KOJIOHHE C PETUCTPALIUEH
[IapaMETPOB CBEPJIEHUA (OTOOPAKAIOTCA HA
MOHHTOPE KOMITBIOTEPA B BUJIE I'PAPUKA);

— BBIIIOJIHAETCA OTBOJ, CBEPJIA B UCXOLHOE
IIOJIOKEHUE;

— IIPOM3BOINTCA IOBOPOT CBEPJIA HA 33/IAHHBINA YIOJ
U CBEPJIEHHE IIOCJIEAYIOMNX OTBEPCTUL;

— IIOCJIE CBEPJIEHH A HEOOXOAMMOI'O KOJINYECTBA
OTBEPCTUH IIPOU3BOANTCA COBMEIIECHUE
OTKJIOHAIOIIETO 6ANIMAaKa C IIEPBBIM
IIPOCBEPJICHHBIM OTBEPCTUEM,;

— B KOMoHHY HKT criyckaeTcst 3aKpenIeHHBIIH
Ha 'HKT pykKaB BBICOKOI'O J1aBJICHUS C
I'UIPOMOHUTOPHOM HACA/IKOM, KOTOPAs BXOJUT B
OTBEPCTHE, IPOCBEPJIEHHOE B CTEHKE O6CAIHOM
KOJIOHHBI.

— HACOCOM C YCTBSI CKBa’KMHBI K THJPOMOHUTOPHOH
HACaJKe OJAETCS NOJ, IABJIEHUEM pabo4das
SKHJIKOCTD U IPOU3BOANTCS (POPMUPOBAHUE

16 Ne 1 (055) Mapr/ March 2016

drilling parameters (plot is displayed on a PC screen).

- Rotating milling tool to initial position.

- Rotating milling tool through required angle
and milling of the next holes.

- After milling of the required number of casing holes
deflector shoe is oriented against the first hole.

- CT-conveyed high-pressure hose with jet nozzle is
lowered into the tubing, then through the casing
hole.

- Process fluid is pumped with surface pump through
to jet nozzle thus creating filtration channel (jetting
direction is not controlled).

- Jet nozzle is pulled out of created channel to
deflector shoe.

- Deflector shoe is rotated to the next hole.

- Jetting ofthe next channels.

- As may be required, after creation of system of
several long filtration channels (from 1-2 up to
8) in one plane, assembly with CT and anchor is
moved within productive formation and is set at
another required depth (another level) for creation
offiltration channels system at the 2nd level.

Milling of holes in casing string, rotation and
movement of bottomhole assembly are controlled

by an operator at the surface. Communication with

bottomhole assembly is established through the

wireline that is lowered in annulus.
Bottomhole assembly control unit enables:

1. Acquisition and recording in real-time mode of the
following parameters:

- Temperature in electronics module zone;

- Milling depthy;

- Electric current needed for motor drive to move and
rotate milling tool.

2.Controlling from the surface of the following
processes:

* Milling tool movement;

» Maximum accepted weight applied to the milling
tool;

* Milling direction;

* Turning on/off motor drives for milling tool
movement and rotation.
Equipment developed for deeply-penetrating

filtration channels creation consists of:

- Jet drilling unit;

Bbin paspaboTaH koMmnnekc obopynoBaHus,
KOTOPbIN MO3BONISET CO34aBaTb MPOTAXKEHHbIE
KaHanbl dunsTpauumn B CKBaXKMHaXx ¢
3KCMNJIyaTaLMOHHOMW KOJIOHHOW 13 CTasnun rpynribl
npoyHocTn P110 n BbliWwe Cc AamMeTPOM KOJSIOHH
139,7 MM, Ha rnybumHax ao 4000 m.

New equipment assembly was developed for
successful implementation of this technology.
This equipment enables creation of long filtration
channels in wells with the following parameters:
casing string steel grade: R110 and higher, casing
diameter: 139,7 mm, depth: up to 4000 m.



KaHaJ1a (PUIBTPALUHU (HAIIPABJICHUE PA3MbIBA

HEPET'YJIMPYEMOE);

— HACa/JK4 BBIBOJUTCA U3 CO34AHHOIO KAHAJIA B
6aImaK;

— NPOU3BOANTCS NOBOPOT HAMIMAKA K CJIEAYIOIIEMY
IIPOCBEPJIIECHHOMY OTBEPCTHUIO;

— BBIIIOJIHAETCS PA3MBIB ITIOCJIEAYIOMNX KAHAJIOB;

— IIPHU HEOOXOJUMOCTHU NOCIE (POPMUPOBAHUSA
CHCTEMBI U3 HECKOJIbKUX IIPOTAKEHHBIX
KaHaJIOB (punbTpanuu (0T 1-2 10 8) B O1HOMU
IUIOCKOCTH BCSI KOMIIOHOBKA C KOJIOHHO! HKT
U IKOPEM NEPEMEIAETCS BHYTPH 0O6CAJHOM
KOJIOHHBI B IIPEJEJIAX IPOAYKTHUBHOI'O IVIACTA U
YCTAHABIUBAETCA HA IPYrOM 33TaHHOU ITTyOHHE
(ApyroM ypoBHE) 111 (POPMUPOBAHUA BTOPOT'O
YPOBHS CETU KAHAJIOB (DHJIBTPAL UL
CBepeHNE OTBEPCTUH B IKCILTYATAITMOHHON

KOJIOHHE, 4 TAKXKE [IOBOPOT U IIEPEMELECHUE

KOMIIOHOBKH YIIPABJIACTCS OIIEPATOPOM C

YCTbs CKBAKHUHBL CBA3b C BHYTPUCKBAKUHHOM

KOMIIOHOBKOH OCYILIECTBJIAETCA IIOCPELCTBOM

reo(PU3nIECKOro KA0eIs, CITyCKAEMOI'O CHAPYKU

KOJIOHHBI CBUHUYMBAEMBIX TPYO.

B/IOK yripaBiieHUs BHY TPUCKBAKMHHOU
KOMIIOHOBKOM IIO3BOJISIET:

1. PerucTpupoBaTh B pEKUME PEAJBHOI'O BPEMEHU U
3aIIUCHIBATD HA JKECTKUH JUCK:

* TEMIIEPATYPY B 30HE OJIOKA ITEKTPOHUKH;

* INIYOUHY CBEPJIEHUA KOJIOHHBI;

* TOK, TOTPEOIIAEMBIN ABUTATENIEM IIPUBO/IA CBEPIIA,
NIEPEMEIIEHM CBEPIIA, TOBOPOTA KOMIIOHOBKH.

2. YupasisaTh C pabodyero MecTa oreparopa
IIPOLIECCOM:

* IO/IBOJIA/OTBO/A CBEPIIA.

* JIOITYCTUMOM HAT'PY3KOU HA CBEPIIO.

* HAIIPABJIEHHUEM CBEPJIEHUA.

* BKJIIOYEHU/BBIKJIIIOYEHU JBUTATEIIECH IIPUBO/A
CBEPJIA, IEPEMENIEHUSA CBEPIIA, TOBOPOTA
KOMIIOHOBKH.

Pa3paboTaHHBIN KOMILIEKC JJIs1 CO3/IAHUS CETH
TYOOKOIIPOHUKAIOIINX KAHAJIOB (PHUIJIBTPALIUN
COCTOMT U3:

* YCTAHOBKH /151 CTPYMHOI'O BCKPBITHA 11acta CBITl;

* KOMIUIEKTA BHYTPUCKBAKUHHOTO O60PYJOBAHU;

* 3X€J1002a HAIIPABJIAIOUIELO;

* KOMIUIEKTA IPOTUBOBBIOPOCOBOTO O60PYJOBAHMS;

e KoMmIuiekTa 3UTIT.

Yemanoexa CBII1 (puc. 1) npeaHa3HA4YeHAa I
JOCTABKH KOMIIOHOBKM I'I/IPOMOHUTOPHOI'O PA3MbIBA
K OTKJIOHAIOIEMY OAIIMAKy BHYTPHUCKBAXXUHHOM
KOMITOHOBKHU U O6ecrnedeHNs 3aKkadku 1o 'HKT
padode JKUAKOCTH (B TU. U KUCJIOTHBIX COCTABOB).

Brympuckeancunnan KOmMnonoexa (puc. 2)
ciiyckaercs Ha HKT u npejHazHaveHa ais
BBIIIOJIHEHU I OTBEPCTHSA B KCILIyATALITMOHHON
KOJIOHHE U HAIIPABJIEHUS I'HIPOMOHHUTOPHOMN
HA4CAa/JKU B CO3JAHHOE OTBEPCTHE.

Komnaexm IIBO (puc. 3) IPEAHAZHAYCH JJIs
repMETHU3AIUHN YCThsI CKBAXKUHBI B IIPOLIECCE PAOOTHI
ycraHoBKU CBII1, paccunTaH HA pabouee faBIecHUe
— 35 MITa.

2Keno6 nanpaenstouguii (puc. 3) npeiHazHaveH P

Pucynox 1 - Yemano6xa ona cmpyiinozo
eécxpoimusn naacma CBII1

Figure 1 - Jet drilling unit

Pucynox 2 - BHympuckeanmcunnasn
KOMNOHOBKA

Figure 2 — Bottombole assembly

- Bottomhole assembly;

- Guide arch;

- Pressure control equipment;

- SPTA (spare parts tools and accessories).

Jet drilling unit (fig. 1) is designed for running
jetting assembly to deflector shoe and providing
pumping of process fluids (including acid solutions)
through coiled tubing.

Bottombole assembly (fig. 2) is run in hole via
tubing. It is designed for making holes in casing string
and guiding jet nozzle into created hole.

Pressure control equipment is designed for
sealing wellhead during jet drilling unit operation.
Working pressure — 15 MPa (2170 psi).

Guide arch is designed for guiding coiled tubing
from reel into the hole.

Jet assembly consists of CT-conveyed high-pressure
hose. Jet nozzle is mounted to the bottom of the hose.
In most cases jet nozles are equipped with four jetting
and six reactive holes.

At present time pilot testing of technology of
deeply-penetrating radial filtration channels creation
was performed in 6 wells. During pilot testing of this
technology, there were two main stages performed
sequentially:

1. Prove-out of technology and operation modes

of milling holes in casing string with bottomhole

milling tool.
2.Prove-out of technology and operation modes of

deeply-penetrating radial filtration channels creation
at different depths of borehole.

The results of prove-out of technology of milling
holes in casing string are shown in table 1. The process
of milling holes provides all required conditions for
high-pressure hose to get through these holes for
deeply-penetrating channels creation. As a whole, P
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JJ1A HAIIPABJIEHH A TUOKOI TPYOBI K YCTBIO CKBAXKUHBI.
KOMIIOHOBKA /111 pa3MBbIBA COCTOUT U3 PyKaBa

BBICOKOI'O IaBJIEHUS, 3aKkperursieMoro Ha T'HKT.

Hu3z pykaBa BBICOKOT'O IaBJIECHUS OCHAIAETCS

T'UJPOMOHUTOPHON HACAJKOU. B OCHOBHOM

OPUMEHSIOTCA TUPOMOHHUTOPHBIE HACAJIKU C

YETBIPbMS PA3MBIBAIOIIUMHU U MECTHIO PEAKTUBHBIMU

OTBEPCTHUSMHU.

Ha JaHHBI MOMEHT ONBITHO- IPOMBICTIOBBIE
ucnbrranua (OITH) TEXHOJIOTNU CO30aHHUA CETU
INIYOOKOIIPOHHUKAIOMUX KAHAJIOB (DUJIBTPALIUUA
MMPOBe/IEHbI Ha 6 CKBAKMHAX. B mportecce
OI1H TeXHONOTrUs OTPAOATBIBAIACE IO IByM
OCHOBHBIM 3JIEMEHTAM, KOTOPBIE BBITIOHAIOTCS
MIOCJIETOBATENBHO:

1. OTpaboTKa TEXHOJOTUU U TEXHOJIOTNYECKUX
PEXUMOB CBEPJIEHNS OTBEPCTHN B
3KCIUTYaTALIMOHHOI KOJIOHHE C TIOMOIIIBIO
CKBA)KMHHOT'O 6JIOKA CBEPJICHUS.

2.0TpaboTKA TEXHOJIOIUH U TEXHOJIOTMYECKHUX
PEXKUMOB CO3JAHUS CETU ITTyOOKOIIPOHUKAIOIMINX
KAaHAJIOB (DUJIBTPAIIMU HA PA3JIMYHBIX YPOBHAX 1O
CTBOJIy CKBA’KHUHBL
Pe3ynbraThl OTPAOOTKH TEXHOIOTUH CBEPIEHUA

OTBEPCTHH B 3KCILIYATALMOHHOMN KOJIOHHE

NpPUBEJEHEI B TA6JI. 1. B mporiecce cBepieHnus

KOJIOHHBI TOTOBSITCS YCJIOBHA 151 IPOXOXKICHUSA

4epes 3TU OTBEPCTUSA PYKABA BBICOKOI'O IABJICHUSA

JUIS CO3[AHUSA CETU INTyOOKOIIPOHUKAIOMUX KAHAJIOB.

B coBoxkynnocTtu 3a nepuog OIIH ceepnenne

OTBEPCTHI BBINIOJIHATIOCH B KOJIOHHAX C I'PYIIIION

npouynocTu Matepuana K (ckBaskuaa Ne 76 —

Bumanckas) u P-110 (octanbable CKBAXUHBL). OITH

BBITIOJTHAJIUCH IIPU TEMIIEPATYPAX B UHTEPBAIAX

IIACTOB, KOTOPBIE IIPEACTOSANIO BCKPBIBATD

TYOOKOIIPOHUKAIOIUMU KAHAIAMU OT 45

(cxBaxknHa Ne 4 — UHCTONMyKCKAA) 1O 82 TPafycoB

Henpcus (ckBaxxnuHa Ne 80 — bapCyKOBCKas).

[1y6UHBI TTO CTBOJIY CKBA’KUHBI, CBEPJIEHUSA

OTBEPCTHUH U3MEHAIOTCA OT 2515,5 M B CKBA)KHUHE

Ne 4 — YucTonyKcKas 10 3396 M B CKBOKHHE No

194 — IO.-OcTamkoBu4cKas (Tabi. 1). Tonmuna

CTEHKH IKCIITyaTAITMOHHBIX KOJIOHH OT 10,5 10

11,0 MM. Bcero cymmapHoO npu BeinostHeHuu OITU B

IKCIUTYATAIMOHHBIX KOJIOHHAX ObLJIO IIPOCBEPIIEHO

59 orBepcruil. Kak nokaszanu OITH, pakTHyeckoe

BPEMSI CBEPJIEHUS OJJHOT'O OTBEPCTH S U3MEHSICTCS

B IIUPOKUX Npesenax: oT 5 10 480 MunyT (TA611. 1).

TONBKO KOHTPOJIb 34 JIBUKEHUEM CBEPJIA B PEKUME
PEAIBHOI'O BDEMEHU, KOTOPBII PEAIN30BAH B
Pa3paboTAHHOM O60PYJOBAHUU U TEXHOJIOTHH,
MIO3BOJIIET UMETb MH(MOPMAITUIO O COCTOSIHUU
IPOCBEPIEHHOIO OTBEPCTUA. B 1IEpHO/L BHIIIOTHEHU A
OI1H 110 CBEPIJICHUIO OTBEPCTUI OBLIIN ITOJTYYEHBI
CJIEAYIONTHUE OCTIOKHEHUS:

1. KOpOoTKOE 3aMBbIKaHUE NTPH HONBITKE IOBOPOTA
K TPEThEMY OTBEPCTHIO Ha ITTy6uHE 2695 M B
CKBaKHHE Ne 76 — BHIIIaHCKAsI.

2.33aKJIMHHUBAHUE CBEPJIA IIPHU OTBOJE €TI0 I10CJIE
BBITIOJIHEH U IOCJIETHET'O OTBEPCTHS B CKBAKMHE
Ne 76 — BumraHckast Ha I1yGuHe 2683,1 M.

3.3aKIMHUBAHME y3J1d CBEPJIEHM IIPH IIOBOPOTE
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throughout pilot testing period hole-milling was
performed in casing strings with steel grade K (well Ne
76 — Vishanskoye) and R-110(the rest of wells). Pilot
testing was performed in required formations intervals
at temperatures ranging from 45°C (well Ne 4 —
Chistoluzhskaya) to 82°C (well Ne 80 — Barsukovskaya)
and measured depth of hole-milling ranging from
25155 m (well Ne 4 — Chistoluzhskaya) to 3396 m
(well Ne 194 — Ostashkovichskaya) (table 1). Casing
wall thickness - from 10.5 to 11.0 mm. Total number
of milled holes during pilot testing is 59. According to
pilot testing data, time spent for milling of one hole
varies over a wide range from 5 to 480 min (table 1).
The only source of information about milled hole
conditions is control of milling bit movement in
real-time mode as a part of developed equipment and
technology. During hole-milling pilot testing there
were the following problems:
1. Short circuit when attempting to rotate to the 3
hole at 2695 m in well Ne 76 — Vishanskaya.
2.Milling bill stall when returning to initial position
after milling of the last hole at 2683.1 m in well
Ne 76 — Vishanskaya.
3.Milling tool stall when rotating to the 3™ hole at
2608 m in well Ne147 - Vishanskaya.
4.Partial stalling of milling bit feed drive when
attempting to mill the 4th hole at 3296 m in



Tao6auua 1 — OmpadbomKa mexHoI02Uun CeePAeHUA OMEEPCMUTL 8 IKCNAYAMAUUOHHO KOIOHHEe
Table 1 - Prove-out of technology of milling boles in casing string
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Oxonuanue Ta6muiel 1 /Table 1 end

07.07 —
07.08.2014 3306
25 | o400
2 g Y=
g% |o3102014 | PO
S 5
6| EZ
a é
3 &
% (@}

@ 33054
24.11 —
16.12.2014

3296

82

139,71 10,5

P-110

1 170 8,2 24 KopoTKOE 3aMbIKaHUE IIPU 1O~
2 2 34 24 IIBITKE IIEPEMETEHU ST CKBAKIH-
- HOM KOMIIOHOBKH B ITOJIOKEHHE
3 480 7,6 22,3 pa3mbiBa
Short circuit when attempting to
© 10 98 214 move assembly into jetting position
1 20 8,2 22,5 OTKa3 IpUBO/IA IEPEMEIIEHM S TIPU
2 36 79 206 IIOBOPOTE CKBA’KMHHOM KOMITO-
: : HOBKU B ITOJIOKEHUE PA3MBIBA
51 32 Gl 253 Milling bit feed drive fail when
attempting to rotate assembly into
4 20 84 e jetting position
1 30 74 225 Pa6oTa BBIIIOTHEHA B IITATHOM
2 60 7.8 24,5 peKnMe
3 90 6,7 21,6 Job performed without complica-
4 30 038 26,3 tions
1 60 10,1 24,1 [oceiHee OTBEPCTHE HE BbI-
2 90 75 225 IIOJTHEHO U3-32 OAKINHNUBAHUSA
4 Z MIPUBO/IA IOAYH CBEPIIA
3 90 2 236 . o . .
Stalling of milling bit feed drive, last
4 120 8,8 - hole is not created

Taoauya 2 — TexnoaozuuecKue Peicumvt CO30aAHUA Cem 271Y00KONPOHUKAIOWUX KAHANIO6

Ppunesmpavuu npu OIIP
Table 2 — Operation modes of deeply-penetrating filtration channels creation during pilot testing
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100 100 1 12,1 65
9 83 83 1 125 67 ma
@ 12 12 1 13,5 65 yes
= o 30 30 1 13,5 65
g E 100 140 0,7 12,8 65 HecTabunbHas
5 % = ~ pa6ora Hacoca B
53 = £§8 |e 4 75 120 07 114 68 aa CBSI3H C HUBKUM
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2 = 2 S 9 © Pa6oYErt KUAKOCTH
5 || EZ = 43 5 S 10 100 120 0,7 131 63 :
5 S I o s [ | Unstable high-
8 g i 22 100 160 06 12.4 60 pressure purmp
é 0, % & o % 95 10 7—-10 12,4 55 na operation associated
T3 = 9 100 120 0,3 12 60 < TR ORTATE,
2 9 «© 2 i yes filtering quality
100 100 1 14,5 55
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= Aa
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o yes
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B 8 S E £ |8 1,2 3 100 20 3-6 12 w Her cBepia
“ MO | partial stalling of
milling bit feed drive
Y 40 3-6 1z 70 when attempting to
mill the 4 hole

K TPEThEMY OTBEPCTHIO HA ITybuHe 2608 M B
CKBaxuHe Ne 147 — Bumanckasi.
4.TTogKJIIMHUBAHUE IIPUBO/A ITIOAAYU CBEPJIA IIPU
MOMBITKE CBEPIEHHUSA 4-I'O OTBEPCTUS HA TTTyOHHE
3296 M B ckBaskuHe Ne 80 — BapcykoBckas (Ta6m. 1).
OCHOBHOM IIPUYNHON IEPEUYHCIIEHHBIX
OCJIO’KHEHUH OBLIIN KOHCTPYKTUBHBIE HEJOPAOOTKH
y3J14 CBEPJICHU A, KOTOPBIE YAAJIOCh BBIABUTD U
YCTPaHUTD B ITponecce OITH.
TeXHOJIOTUYECKUE PEKUMBI CO3/JAHUS CETH
INIYOOKOIIPOHUKAIOMUX KAHAJIOB (PUIBTPALUN
B IIpOLIeCCe peann3danuu nporpammsr OITH
IPUBEJICHBI B TA0J1. 2. KaK BUJHO U3 JJAHHBIX
Ta6:1. 2, BCcero 3a neprog, OITH 6bI10 BBIIIOJIHEHO
40 11y6OKONPOHUKAIOMNX KAHAJIOB (DHJIBTPALIUUA
C UX JJIMHOU OT 12 M (ckBa>knHa Ne 194 —
FO.-OcTankoBUUCKast, ypoBeHb 3396 M) 0 100 M.
[Ipeobnaaoniee KOIUYECTBO KAHAIOB (PUIBTPALTUN
(77,5%) BBINTONIHEHBI AMUHOM 100 M (Ta611. 2).
OrpaHndeHus 10 JJINHE KAaHAJIOB CBA3AHbI C
I€0JIOrMYE€CKUMU NIPUIMHAMU. CKOPOCTD IPOXOJKU
KaHAJIOB U3MEHsUTACh OT 0,6—0,7 M/MUH (CKBaKMHA
Ne 194 — FO.-OCTamKOBHUYCKad, YpOBEHD 3330, 2 M)
10 7—-10 m/MuH (CKBaxnuHa Ne 194 —
FO.-OcTamKoBHUYCKas, YPOBEHD 3316,2 M).
Pabouee jaBneHne Ha HACOCHOM arperare
HaXOAWJIOCH B rIpeeax or 50-55 MIla (CKBaKuHa
Ne 76 — Bumanckast, Ne 101 — CiiaBaHbCKast) 10
60-70 MIIa 0o APyIr'uM IPHUBEICHHBIM B TA6I. 2
CKBa)XUHaM. Pacxoj1 paboyen JKUIKOCTH U3MEH SIJICS
ot 12 no 15 1/mun. B nponecce OITH B CKBOXXHMHE
Ne 194 ( FO.-OCTamKOBHUYCKAA) CO37JaHA CUCTEMA U3
15 KaHaJI0B PUIBTPALUU HA 4-X YPOBHSIX (TA0IL 2).
B kauecTBe paboye XKUJKOCTH JIJIS1 PA3MBbIBA
KaHAJIOB (PUIBTPALUU IIPUMEHSIACH BOAA C
no6asnenuem [TAB. B psijie c/rydaes i1 ynydnieHus p

well Ne 80 — Barsukovskaya (table 1).

The main reason for the problems described above
was design defects of milling tool. These defects were
identified and eliminated.

Operation modes of deeply-penetrating filtration
channels creation during pilot testing are presented
in table 2. As can be seen from table 2, on the whole,
40 deeply-penetrating filtration channels were
created with length ranging from 12 m (well Ne
194 — Ostashkovichskaya) to 100 m. The majority of
channels (77.5%) were 100 m long (table 2). Length
limitations were associated with geological factors.
Channel penetration rate varied within the limit from
0.7 m/min (well Ne194 — Ostashkovichskaya, 3330.2 m)
up to 7-10 m/min (well Ne 194 — Ostashkovichskaya,
3316.2 m). Working pressure in the pumping unit
varied over a range from 50—55 MPa (8000 psi, well
Ne 76—Vishanskaya, well Ne101 — Slavanskaya) up to
60-70 MPa (10,000 psi) in other wells (table 2). Flow
rate varied over a range from 12 to 15 1/min. During
pilot testing in well Ne 194 — Ostashkovichskaya 15
filtration channels were created at 4 levels (table 2).
Water with addition of surfactants served as a jet fluid.
In some cases in order to improve communication
between channel and reservoir filtration channels
were treated with acid solution with surfactants.
Technology test-run was performed in carbonate (well
Ne 76 — Vishanskaya, well Ne 101 — Slavanskaya) and
terrigenous formations (well Ne 4 — Chistoluzhskaya,
well Ne 194 — Ostashkovichskaya, well Ne 80 —
Barsukovskaya) with zenith angle reaching
20.5 degrees in treatment intervals.

Main complications during filtration channels jetting
were as follows: high pressure hose burst, unstable
high-pressure pump operation associated with low
fluid filtering quality, high pressure pump repair >
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CBSI3U KAHAJIOB (PUJIBTPALIUH C ILIACTOM OHU
06padaATHIBAIMCH KUCJIOTHBIM PaCTBOPOM C ITAB.
OnpoOOBaHUE TEXHOJIOTUU IPOBEAEHO KAK B
KapOOHATHBIX (CKBAKMHA Ne 76 — BumaHcKasi,

Ne 101 — CiraBaHbCKAas), TAK U B TEPPUTCHHBIX
naacTax (CKkBakuHa Ne 4 — Yucronyxckas, Ne 194 —
I0.-OcramkoBuuckas, Ne 80 — bBapCyKOBCKas) Ipu
3EHUTHBIX YIVIAX B UHTEPBAIAX PAOOT 10

20,5 rpagyca.

OCHOBHBIE OCTIOKHEHH S B IIPOLIECCE PA3MBIBA
KaHAJIOB (QHJIBTPAIIUU CBA3AHBI C OOPBIBOM PyKaBa
BBICOKOI'O JIABJICHU; HECTAOUJIBHOM pabOTON
HACOCA BBICOKOT'O JIABJIEHUS B CBA3H C HU3KUM
Ka4€CTBOM OUHUCTKU PabOodeN :KUJAKOCTH; PEMOHTOM
HACOCA BBICOKOT'O JIABJIEHUS BO BPDEMSI BBIIIOJTHEHU A
PaboT; KODOTKOTO 3AMBIKAHHS B 9JIEKTPHUUECKOI
Y4CTH KOMIIOHOBKH IIPH MOIBITKE NEPEMEIEHU
KOMIIOHOBKH B ITOJIOKEHHUE PA3MBIBA. [IpUYHHBI
MEPEYNCIEHHBIX OCJIOKHEHUN OBLIIN BBIABIEHBI U
YCTPAHEHBL.

B pesynprare paboT, BEIIIOJHEHHBIX HA
JEeNCTBYIOMEN CKBaXMHE Ne 80 BapCyKOBCKOTO
MECTOPOXK/JIECHUSA, HA KOTOPOU ObLIA CO3/1aHA CETh U3
7 KaHAJIOB (PUIBTPALUU JUIMHOU 1TO 100 M Ha ABYX
yPOBHAX (3296 M 1 3305,4 M) (Ta6u1. 2), nebut HedTH
YBETUYWICA C 5 10 19-23 1/CyT. (pHUC. 5).

B x0z1€ BBINOTHEHU A OITBITHO-TTPOMBICTIOBBIX

B pe3ynbTraTe paboT, BbINOMHEHHbIX HA AENCTBYIOLLEN CKBaXMHE, Ha
KoTopoM Obinia co3gaHa ceTb U3 7 KaHanoB GunsTpaLuy gJMHOM Mo
100 M Ha BYX YPOBHSIX, AEOUT HedTn yBennuuncs ¢ 5 go 19-23 T/cyT.
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Figure 5 — Well operation bistory (well Ne 80
in Barsukouvskoye field)

during operation, short circuit in electrical module
of bottomhole assembly when attempting to move
assembly into jetting position. The main reasons
of complications described above were identified,
complications were eliminated.

As a result of radial drilling
operation in flowing well
Ne 80 at Barsukovskoye field,
7 filtration channels, each
100 m long, were created

As a result of radial drilling operation in flowing well, 7 filtration at 2 levels (2396 m and
channels, each 100 m long, were created at 2 levels. Oil rate increased ~ 3305,4 m) (table 2). Oil rate

from 5 to 19-23 t/day.

HUCIIBITAHUN ObLIA MOATBEPXKACHA BO3MOXKHOCTD:

* CO3/IaHMA INTyOOKOIIPOHUKAIOINX KAHAJIOB
(PUIBTPALMHU C UX HPOTIKEHHOCTHIO 10 100 M
Ha II1yorHaX 70 3500 M B 9KCITyaTAlIMOHHOM
KOJIOHHE I'PyHITBI IPOYHOCTHU P-110 nnameTpom
140 mm;

* co3aHus ceTH M3 16 rTyGOKOIPOHUKAOINX
KAHAJIOB (PUIBTPALUH (TI0 YETBIPE KAaHAJIA HA
YETBIPEX YPOBHAX);

* TUAPOMOHHUTOPHOI'O PA3MbIBA KAHAJIOB
(PUIBTPALMU B TEPPUTCHHOM U KAPOOHATHOM
KOJUJIEKTOPAX;

* BBINOJIHEHUA PA6OT IIPU 3EHUTHOM VIJIE B
WHTEPBAJIE YCTAHOBKH KOMITOHOBKH 0 20,5°, 2 HA

Y4aCTKE CITYCKa BHYTPUCKBA)KMHHOM KOMIIOHOBKH

— 710 38° C MHTEHCHUBHOCTBIO HA00P4 yIJIad
CKBAKMHBI 10 6,1° Ha 10 M;

* YBEJIMYECHUS 1€OMTA JOOBIBAIOIUX CKBAKIH /10
4-5 pas.
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increased from 5 to
19-23 t/day (fig. 5).
Pilot testing proved
technical feasibility of:
Figure 5 — Well operation history (well Ne 80 in

Barsukovskoye field)
02.2009 Hydraulic fracturing (100 m3 + 15t)
09.2011 Re-perforation,
Hydraulicfracturing (163 m? +34t)
Pilot testing of Radial Drilling Technology
Shifting to ESP
Creation of deeply-penetrating filtration channels.
Length: up to 100 m, depth: up to 3500 m, casing
string steel grade: «R-110», casing diameter: 140 mm.
Creation of system of 16 deeply-penetrating filtration
channels (four channels per level at four levels).
* Jetting of filtration channels in terrigenous and
carbonate reservoirs.
Operation at zenith angle up to 20.5° in assembly
setting interval and up to 38° in assembly lowering
section with dogleg severity up to 6.1° per 10 m.
« Increase in production rate by a factor of 4-5.



